Abstract: Sulphonimide based organocatalyst was used to catalyze the aldol reaction in ionic liquid media. On the basis of yield and selectivity the ionic liquid mediated system was found superior in comparison with organic solvents. The added advantages of this ionic liquid mediated organocatalysis are easy recovery of product and the recyclability of the organocatalyst.
Introduction
The search for greener and recyclable solvents is a developing area of chemical research. In that context ionic liquids have attracted great attention as solvents as well as catalysts. Numerous articles have been published focusing on the syntheses and the applications of ionic liquids where they are used as recyclable media for various organic transformations [1,2a,2b] . Various publications show that an ionic liquid combined with a heterogeneous catalytic system offers the best combination in terms of recyclability of catalysts [3] [4] [5] .
Organocatalysis, where organic molecules like α-amino acids, α -hydroxy acids, nucleic acids, carbohydrates etc are used as catalysts [6, 7] to catalyse various organic transformations including aldol, Mannich, Diels-Alder and Michael addition reactions etc. [8a-d] , is a rapidly expanding area. The operational simplicity, ready availability, selectivity, efficiency, low cost and non-toxicity of the catalysts make them attractive to synthesize complex molecules without contamination from trace heavy metals, which is a major drawback of organometallic catalysts [9] .
Among the C-C bond forming reactions, aldolisation is crucial in the preparation of chiral building blocks for the synthesis of natural products. Many protocols have been established in which specially designed catalysts achieve excellent yields and selectivities [10] [11] [12] . Proline and proline derivatives were found as the most promising catalysts for aldol reactions [13, 14] . Although organocatalysts like proline have many attractive features, this catalytic system also suffers from some demerits like high catalyst loading or poor solubility in organic solvents. To overcome these problems many groups have tried to replace proline with other amino acids [15, 16] . Consequently, a various proline mimetics have been synthesized to improve reactivity such as tetrazole [11,17a] , prolinamides [17b], sulfonamides [17a,18] as well as derivatives of 4-trans hydroxyproline [19] .
Our main goal is to accelerate the use of ionic liquids as a solvent for such types of organocatalysts which suffer from the requirement for expensive starting materials, long and tedious preparation steps and recyclability. sulfonones have been found to be promising catalysts, not only for aldol reactions but also for other organic transformations. The major drawbacks of this catalytic system are the requirement of costly starting materials, long preparation steps (3-4 steps), tedious workup procedures and the lack of recyclability of the catalyst. The proline mimics investigated are shown in Fig. 1 [8a,8b,17] .
In various reports ionic liquids were also identified as alternative solvents for proline catalysed aldol reactions with good yields and excellent enantioselectivities [2b-h]. The added advantage of recyclability was also found for these catalytic systems. In a study of proline catalysed aldol reactions between aldehydes and cyclohexanone, various ionic liquids were screened, with [ 
Experimental Procedure

Methods and materials
Chemicals were purchased from either Sigma Aldrich, Acros or Fluka. and All reactions were carried out under nitrogen unless noted. NMR spectra were recorded on a Bruker 300WB spectrometer with an Avance console at 300 and 75 MHz for 1 H and 13 C NMR, respectively. Enantiomeric excesses were determined by chiralphase HPLC: Waters 600E System Controller and a Waters 996 Photodiode Array Detector Column with Chiralcel OD-H and, Chiralcel AD-H and Chiralcel AS-H columns from Daicel Chemical Industries Ltd., eluting with n-hexane and 2-propanol.
General experimental procedure
To a stirred suspension of sulphonimide 1 (20 mol %) as catalyst with [bmim][PF 6 ] (IL-1) (1 mmol) or organic solvent (2 mL) were successively added acetone (2 mmol) and the aldehyde (1 mmol) at room temperature. After 12 h, the reaction was stopped and extracted with diethyl ether (10×2 mL). Solvent was removed under vacuum and the residue was purified Table 2 . Organic solvent screening for sulphonimide 1 catalysed aldol reaction.
*Isolated yield after column chromatography, **Determined by HPLC
by silica gel column chromatography using a mixture of ethyl acetate and hexane as eluent. In order to check the recyclability of the catalyst, the used catalyst from the first cycle was dried in vacuum to remove the ether. The recyclability test was comprised of addition of acetone (2 mmol) and aldehyde (1 mmol) in the proper sequence as described above. The above process was repeated each time for the recyclability test in the same manner.
Results and Discussion
We have selected one model aldol reaction between 4-nitrobenzaldehyde and acetone to check the effect of ionic liquid IL-1 and IL-2 (1 mmol) on the catalytic activity of sulphonimide 1, (20 mol %) for the aldol reaction. After getting delightful results for our model aldol reaction with good yield and enantiomeric excess, the optimal ratios of ionic liquids IL-1 and IL-2 were determined. The results in Tables 1 and 2 demonstrate that both ionic liquids outperformed organic solvents (Table 2) . DMSO was the only organic solvent system found active in terms of yield and selectivity for the model aldol reaction with sulphonimide 1.
IL-1 offered slight increases in yield from 70-79% as well as 76 -77% increase in enantiomeric excess in comparison with IL-2 for aldol product.
We took IL-1 as an ideal ionic liquid to test the catalytic activity of sulphonimide 1 for different aromatic aldehydes with different ketones. The summarized results in Table 3 summarizes show that in most of the cases aldol products (C-L) were obtained in good yields and enantiomeric excesses (more than 60%).
The highest conversion and enantioselectivity values were found in the reactions of acetone with different aromatic aldehydes bearing electron-accepting substituents (entries 1 and 2) while correspondingly lower activity was found in the examined reactions with halogen containing aromatic aldehydes (entries 3 and 4). The reaction of benzaldehyde with acetone also gives the aldol product with moderate yield and 
